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Description 

The present invention relates generally to implanta- 
ble medical devices, and more particularly, relates to 
implantable medical devices for the treatment of apnea, s 

The medical characteristics of sleep apnea have 
been known for some time. There are two generally rec- 
ognized forms of the disease. The first is central sleep 
apnea, which is associated with the failure of the body 
to automatically generate the neuro-muscular stimula- 10 
Won necessary to initiate and control a respiratory cycle 
at the proper time. Work associated with employing 
electrical stimulation to treat this condition is discussed 
in "Diaphragm Pacing: Present Status", by William W. L 
Glenn, in Pace. Volume I, at pages 357 - 370 (July - is 
September 1978). 

The second condition is known as obstructive sleep 
apnea. It is discussed at some length in "Obstructive 
Sleep Apnea: Diagnosis and Treatment", by Drs. Cook 
and Osguthorpe in Journal of South Carolina Medical 20 
Association. 81 (12): 647-651 (December 1985). 

At present, a tracheostomy may be the treatment of 
choice for a number of patients when obstructive sleep 
apnea is severe. A less traumatic recent approach is 
continuous positive airway pressure (CPAP). This tech- 25 
nique seeks to maintain upper airway patency with com- 
pressed air. More recently, some interest has been 
displayed in electrical stimulation of the muscle tissue 
along the upper airway during respiration. U.S. Patent 
No. 4,830,008 issued to Meer discusses a technique for 30 
electrical stimulation of the muscles of the upper airway 
in synchrony with the respiratory cycle. U.S. Patent No. 
4,506,666 issued to Durkan discusses such stimulation 
in conjunction with pressurized airflow supplied by a 
r spirator. 35 

The electrical stimulation of the prior art tech- 
niques, however, are primarily concerned with causing 
contractile motion of the stimulated muscle. This means 
that the stimulation energy must necessarily be rela- 
tively large, and the effects of the stimulation are directly 40 
cognizable by the patient. 

More significant is that prior art systems tend to be 
directed toward treatment of either central or obstructive 
sleep apnea. There exists no effective means for treat- 
ing both conditions which are found together in a sizable 45 
number of patients. 

The present invention overcomes the disadvan- 
tages of the prior art systems by providing an apparatus 
for treating both central sleep apnea and obstructive 
sleep apnea in a coordinated fashion using a single so 
hardware system. The treatment involves monitoring 
the respiratory activity of the patient and supplying 
appropriate stimulation as required. 

According to the present invention, there is pro- 
vided an apparatus comprising: 55 

a. first sensing means for sensing a reduction or 
delay in inspiratory effort indicative of a central 
apnea event; 



b. first means responsively coupled to said first 
sensing means for providing stimulation to the dia- 
phragm of a patient in response to sensing of said 
central apnea event; and 

c. second means for generating electrical stimula- 
tion of upper airway muscles of said patient, 
characterised by 

d. second sensing means for monitoring patency of 
the upper airway for sensing an obstructive apnea 
event; and by said second stimulation generating 
means being coupled to said second sensing 
means for generating electrical stimulation of upper 
airway muscles of said patient in response to sens- 
ing by said second sensing means of said obstruc- 
tive apnea event. 

To monitor events of central sleep apnea, sensors 
are employed to detect indices of reduced or absent 
respiratory drive. For example, a pressure sensor 
implanted in the thorax can be used to detect respira- 
tory effort. An oxygen sensor implanted in the circula- 
tory system can be used to detect arterial oxygen 
saturation or mixed venous oxygen saturation, both 
measures decreasing during apnea. A sensing elec- 
trode implanted on the phrenic nerve can be used to 
detect central nervous system inspiratory drive to the 
respiratory muscles. 

Information from these sensors can be evaluated in 
a decision algorithm to determine if central apnea is 
present. For example, lack of respiratory effort and/or 
phrenic nerve activity, and decreasing blood oxygen 
saturation are indicative of central apnea. Each of the 
sensors can be used individually as well. For example, 
lack of respiratory effort or phrenic nerve activity for a 
specified period of time since the last respiratory effort 
could indicate central apnea, similarly, falling blood oxy- 
gen saturation could also indicate central apnea. 

It should be noted however, that no single sensor is 
as reliable as a combination of sensors in detecting cen- 
tral apnea. The decision must be made whether to incur 
the added complexity and cost associated with multiple 
sensors to provide improved accuracy of apnea detec- 
tion. 

In response to a detected situation of central 
apnea, the implantable pulse generator provides stimu- 
lation pulses to electrically stimulate contraction of the 
diaphragm to artificially initiate inspiration. 

An easy, but less accurate way to monitor events of 
central sleep apnea is to employ sensors to determine 
the time of occurrence of inspiratory and expiratory 
activity. An escape interval clock is used to measure the 
time between such activity. Whenever initiation of inspir- 
atory activity is delayed beyond a predetermined time, it 
is assumed that a central sleep apnea event has 
occurred. 

An obstructive sleep apnea event is identified by an 
abnormally high pressure differential across the upper 
airway during inspiration. As a result, the implantable 
pulse generator provides a train of stimulation pulses to 
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the muscles of the upper airway to cause contraction of 
muscles which can separate (or open) the walls of the 
airway, and thereby remove the obstruction. Becaus 
the basic respiratory timing is int rrupted during a cen- 
tral sleep apnea ev nt, stimulation of the upper airway is 
always provided for respiratory cycles for which dia- 
phragm pacing is employed. 

There will now be described, by way of example 
only, a preferred embodiment of the invention, with ref- 
erence to the accompanying drawings, in which: 

FIG. 1 is a schematic diagram of the respiratory 
system of a patient; 

FIG. 2 is a schematic diagram of the respiratory 
system of a patient during an obstructive sleep 
apnea event; 

FIG. 3 is a graphical representation of pressure 

measurements within the upper airway; 

FIG. 4 is a schematic diagram of the respiratory 

system of a patient having a stimulation system 

according to the present invention; 

FIG. 5 is a plan view of a pressure transducer used 

to sense apnea events; 

FIG. 6 is a block diagram of an implantable pulse 
generator; 

FIG. 7 is a graphical representation of the key sig- 
nals of the implantable pulse generator; 
FIG. 8 is a schematic diagram of a stimulation sys- 
tem employing multiple sensors; 
FIG. 9 is a graphical representation of the output of 
an oxygen sensor with normally oxygenated blood; 
FIG. 10 is a graphical representation of the output 
of the oxygen sensor during an apnea event; 
FIG. 1 1 is a plan view of an oxygen sensor; and, 
FIG. 12 is a block diagram of an implantable pulse 
generator in a multiple sensor system. 

FIG. 1 is a schematic diagram of the respiratory 
system of patient 10 during inspiration. As a result of 
contraction of diaphragm 18, which increases the vol- 
ume of thorax 16, a partial vacuum is created causing 
air to enter upper airway 1 2 and proceed in the direction 
of arrow 14. During an event of central sleep apnea, the 
neurological system of patient 10 fails to automatically 
stimulate contraction of diaphragm 1 8 at the appropriate 
time for inspiration. This condition may be sensed by 
monitoring the EMG of diaphragm 18. pressure differ- 
ence between the thorax 16 and the ambient, airflow 
within upper airway 12, or other indication of inspiration 
at a time appropriate for inspiration. 

FIG. 2 is a schematic diagram of the respiratory 
system of patient 10 during an obstructive apnea event. 
During inspiration, upper airway 12 tends to collapse 
producing the obstruction to air flow at point 21. The 
above referenced literature describes in detail the phys- 
iological processes associated with the collapse of 
upper airway 12. 

FIG. 3 is a graphical representation for airway pres- 
sure 24 measured during respiration as a function of 



time 26. Curve 28 shows the upper airway pressure for 
normal functioning of the respiratory system. Time 35 
represents the end of the expiration portion of the cycle. 
Inspiration occurs from time 35 through time 36. Curv 

5 32 shows the pressur measurements for the patient 
during central sleep apnea. The delay from time 37 to 
time 36 may be sufficient to detect central sleep apnea. 
Note that because respiration is a partially voluntary 
function, the rate may vary substantially providing a low 

10 confidence in detection solely by this means. Because 
curve 32 is produced by artificial stimulation of dia- 
phragm 18 at point 36, it results in a somewhat larger 
amplitude without the flat plateau at the desired pres- 
sure. This is caused by the less even contraction of dia- 

15 phragm18. 

Curves 38 and 40 represent the monitored pres- 
sure below an obstruction in an obstructive apnea dur- 
ing inspiration with and without central sleep apnea, 
respectively. Detection of obstructive sleep apnea along 

20 curve 38 can occur as soon as time 37. 

FIG. 4 is a schematic diagram of patient 10 showing 
implantation of an electrical stimulation system for the 
treatment of both central and obstructive sleep apnea. 
Implantable pulse generator 20 is placed subcutane- 

25 ously at a convenient position. Diaphragm 1 8 is electri- 
cally stimulated via electrode 56 coupled to lead 54. 

Patency of upper airway 12 is monitored by pres- 
sure sensor 42 and pressure sensor 48 coupled to 
implantable pulse generator 20 via cables 44 and 46, 

so respectively. Stimulation of the musculature of upper 
airway 12 is accomplished via lead 52 coupled to elec- 
trode 50. All other referenced elements are as previ- 
ously described. 

FIG. 5 is a plan view of a chronically implantable 

35 pressure transducer 60 similar to that implanted as 
pressure sensors 42 and 48 (see also Fig. 4). Distal end 
62 of chronically implantable pressure transducer 60 
contains a semiconductor sensing element properly 
packaged for chronic implantation. Lead body 64 

40 optionally contains pressure reference lumen 66, which 
is coupled to pressure vent 68. Electrical connector 70 
couples to implantable pulse generator 20. For addi- 
tional construction details, the reader may consult U.S. 
Patent No. 4,407,296 issued to Anderson. 

45 FIG. 6 is a block diagram of implantable pulse gen- 
erator 20 of an embodiment of the present invention. 
The airway pressure measurements from pressure sen- 
sors 42 and 48 (see also Fig. 4) are provided by cables 
44 and 46, respectively, to differential amplifier 72. The 

so differential amplifier 72 gives a positive output when the 
sensor 42 detects a relatively high pressure and the 
sensor 48 detects a relatively low pressure. The output 
of differential amplifier 72, which is more positive than 
negative, is rectified by half-wave rectifier 73 to elimi- 

55 nate the negative-going portion of the signal. This 
ensures that the resulting signal reflects pressure 
measurements of only the inspiratory portion of the res- 
piration cycle. 

The inspiration pressure signal is integrated by low 
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pass filter 74 over a period which is less than the normal 
respiration cycle. Integration or filtering in this manner 
eliminates high frequency pressure spikes. 

Circuit 76 monitors the inspiration signal in relation- 
ship to a first and lower threshold I. This first threshold 5 
is sufficient to determine only whether or not inspiration 
is in progress. The point is to make a determination of it 
and when inspiration begins. Circuit 76 provides a high 
binary output during inspiration, and a low binary output 
at all other times. w 

The output of circuit 76 is supplied to "or" gate 92 to 
provide a reset signal to escape timer 82 whenever 
inspiration begins. Escape timer 82 uses the output of 
oscillator 80 to determine the interval during which 
inspiration is anticipated. Should escape timer 82 finish is 
counting the interval before "or" gate 92 provides a 
reset, the output of escape timer 82 provides a signal to 
"and" gate 84. If threshold I has not been reached at 
that time, "and" gate 84 provides an output to one-shot 
94 for the generation of electrical stimulation of dia- 20 
phragm 18 (see also Fig. 4). 

The duration of electrical stimulation of diaphragm 
18 is controlled by the output of one-shot 94. The elec- 
trical stimulation pulse train is generated by stimulation 
generator 98. The generated pulse train is amplified by 25 
output amplifier 104 and supplied to electrode 56 via 
lead 54 (see also Fig. 4). 

The outputs of circuit 76 and "and" gate 84 are sup- 
plied to "or" gate 86. Thus "or" gate 86 provides an out- 
put whenever naturally initiated inspiration is sensed by 30 
circuit 76 or inspiration is electrically stimulated by the 
output of "and" gate 84. This output is provided to "and" 
gate 88. 

The output of "and" gate 84 is also supplied to an 
"or" gate 71, such that stimulation generator 100 is 35 
always triggered to provide stimulation to the upper air- 
way when a central apnea is detected regardless of 
whether or not an obstructive apnea is also detected. 

Circuit 78 monitors the inspiration signal and com- 
pares it to a higher threshold II. This threshold is set to 40 
distinguish between the normal change in pressure of 
upper airway 12 associated with inspiration and the 
abnormal change in pressure of upper airway 12 asso- 
ciated with obstructive sleep apnea. Such an abnormal 
pressure measurement causes circuit 78 to provide a 45 
binary high to "and" gate 88, which is "anded" with the 
inspiration signal from "or" gate 86. The output of "and" 
gate 88 is provided to one-shot 90 which provides a 
timed output to delay 96. Proper timing of the electrical 
stimulation of upper airway 1 2 is ensured by the output so 
of delay 96. The pulse train is generated by stimulation 
generator 100 and amplified by output amplifier 102. 
The stimulation pulse train is supplied to electrode 50 
via lead 52 (see also Fig. 4). 

FIG. 7 is a graphical representation of various key 55 
signals within implantable pulse generator 20. Curve 
108 is the half -wave rectified output of low pass filter 74 
(see also Fig. 6). Pulse 110 represents the pressure 
measurement for normal inspiration. Pulse 112 repre- 



sents the pressure measurement for inspiration during 
an obstructive event during sleep. The absence of a 
pulse at time 106 represents a central sleep apnea 
event. 

Curve 114 represents the output of circuit 76. 
Pulses 116 and 118 indicate detection of naturally 
occurring inspiration. No such detection is made at time 
106. Curve 121 shows the output of escape timer 82. 
Pulses 122, 124, and 126 indicate the times before 
which inspiration should have occurred or a central 
sleep apnea event is assumed. Therefore, time 106 is 
assumed to be a central sleep apnea event. 

The output of output amplifier 1 04 is represented by 
curve 128. An electrical stimulation pulse train consist- 
ing of pulses 130a-130n is generated beginning at time 
106 in response to the assumption that a central sleep 
apnea event has occurred. 

The output of circuit 78 is represented by curve 
132. Because pulse 1 12 is in excess of threshold II (see 
also Fig. 6), pulse 134 is provided. Curve 136 repre- 
sents the output of output amplifier 102. It consists of a 
stimulation pulse train of pulses 138a-138n generated 
in response to pulse 1 34. 

FIG. 8 is a schematic diagram of patient 10 having 
implanted a multiple sensor stimulation system. Sensor 
158 is a standard neurological sensor coupled to the 
phrenic nerve. It transfers an electrical indication of neu- 
rological inspiratory drive to implantable pulse genera- 
tor 120 via lead 150. 

Sensor 152 is implanted within the cardiovascular 
system (e.g. right ventricle) of patient 10. It is coupled to 
implantable pulse generator 120 via lead 154 and is 
used to measure decreases in oxygen level of the blood 
which are indicative of an apnea event. Such measure- 
ments may be made on either the arterial or venous 
side of the cardiovascular system. Use of the arterial 
side is somewhat' more difficult to access because of the 
pressure, but will ordinarily provide the more pro- 
nounced signal. The venous side yields a signal which 
tends to be integrated by the cardiovascular system to 
compensate for differences in oxygen content over a 
given normal respiratory cycle. 

All remaining referenced elements are as previ- 
ously discussed. 

FIG. 9 is a graphical representation of the ampli- 
tude of reflected light in oxygen sensor 152 within the 
blood of patient 10 wherein normal respiration is 
present. The reflected response is centered about the 
red wavelengths. 

FIG. 10 is a graphical representation of the 
response of a reflectance oximeter within the blood of 
patient 10 during an apnea event. Note that the 
response is skewed toward the blue wavelengths. 

FIG. 1 1 is a plan view of an oxygen sensor 200 
implantable within the cardiovascular system of patient 
10. Oxygen sensor 200 operates on the principle of 
reflectance oximetry as discussed in more detail below. 
Distal tip 210 is implanted transvenously int the right 
ventricle using standard techniques. It is held in place 
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by tines 212. 

Oximeter 216 emits light and measures the 
reflected response via an artificial sapphire window. 
Lead body 218 extends to connector 220 having termi- 
nal pin connectors 222, 224 and 226. Anchoring sleeve 
228 provides for suturing of the proximal end without 
damage to the insulating sheath of lead body 218. Addi- 
tional detail with regard to oxygen sensor 200 may be 
obtained from US. Patent No. 4,813.421 issued to 
Baudino et al. 

FIG. 12 is a block diagram of implantable pulse 
generator 120 as used in a multiple sensor stimulation 
system. In this particular example, and not to be 
deemed limiting of the present invention, two sensors 
(i.e. pressure, and blood oxygen) are used. Distal tip 
210 of oxygen sensor 200 contains the sensing element 
as explained above. This sensing element functions as 
a reflectance oximeter which emits light from light emit- 
ting diode 312 into the blood and senses the reflected 
response by photo sensitive element 316. Diode 314 
permits oxygen sensor 200 to function with only the 
three conductors 364, 366, and 368. 

Power to light emitting diode 312 is supplied from 
current driver 31 0 and voltage driver 306, as coupled by 
line 362. Timing of this drive is provided by timing circuit 
308 via lines 334 and 336. These timing signals are syn- 
chronized to the pressure sensing circuitry by delay 
logic 302 coupled to timing circuit 308 by line 338. 

Current mirror 318 receives the return signal via 
conductor 368. The infrared signal is channeled to sam- 
ple and hold circuit 332 by line 346. The control signal is 
similarly transferred to sample and hold circuit 330 by 
line 346. The output of each is gated in turn to division 
network 328 via lines 344 and 348 under control of tim- 
ing signals received via lines 340 and 342. 

Division network 328 compares the two signals to 
look for the color shift from red to blue (see also Figs. 9 
and 10) which signals an apnea event. The output is 
coupled via line 350 to "and" gate 110. In this manner, 
stimulation generator 98 is not triggered unless both 
oxygen, and pressure sensors detect a probable apnea 
event. All other referenced elements are as previously 
described. 

The output from the phrenic nerve sensor may also 
be input, for example, via a NOT gate, to the input of the 
"and" gate 110, such that the absence of a phrenic 
nerve excitation is also necessary before a central 
apnea is detected. 

Alternative logic gates may be used in place of 
"and" gate 110 to cause the generator 98 to be trig- 
gered, for example, if any of the sensors detect a prob- 
able apnea event, or if the pressure sensor and either of 
the other sensors detect an apnea, or any other combi- 
nation. 

Claims 

1 . An apparatus comprising: 



a. first sensing means (42,48,76) for sensing a 
reduction or delay in inspiratory effort indicative 
of a central apnea event; 

b. first means (98) responsively coupled to said 
5 first sensing means for providing stimulation to 

the diaphragm of a patient in response to sens- 
ing of said central apnea event; and 

c. second means (100) for generating electrical 
stimulation of upper airway muscles of said 

w patient, 

characterised by 

d. second sensing means (42,48,78) for moni- 
toring patency of the upper airway for sensing 
an obstructive apnea event; and by said sec- 
ts ond stimulation generating means (100) being 

coupled to said second sensing means 
(44,45,78) for generating electrical stimulation 
of upper airway muscles of said patient in 
response to sensing by said second sensing 
20 means of said obstructive apnea event. 

2. An apparatus according to claim 1 wherein said first 
sensing means comprises a pressure sensor 
(42,48). 

25 

3. An apparatus according to claim 2 wherein said 
second sensing means comprises said pressure 
sensor (42,48). 

30 4. An apparatus according to any preceding claim 
wherein said first sensing means comprises a first 
threshold circuit (76). 

5. An apparatus according to any preceding claim 
35 wherein said second sensing means comprises a 

second threshold circuit (78). 

6. An apparatus according to any preceding claim 
wherein said first sensing means comprises a 

40 means for measuring blood oxygen. 

7. An apparatus according to claim 6 wherein said 
measuring means comprises a reflectance oxime- 
ter (216). 

45 

8. An apparatus according to any preceding claim 
wherein said first sensing means comprises means 
for determining a plurality of conditions related to 
apnea. 

50 

9. An apparatus according to claim 8 wherein said 
determining means comprises any combination of 
two or more of an oximeter (216), the pressure sen- 
sor (42,48) and a nerve electrode (158). 

55 

10. An apparatus according to any preceding claim, 
wherein said second sensing means is connected 
to receive a signal from the first sensing means 
indicative of a sensed central apnea event, the sec- 
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ond sensing means and second stimulating means 
being adapted to provide a stimulating pulse in 
response to the central apnea signal. 

1 1 . An apparatus according to claim 1 wherein: s 



12. An apparatus as claimed in claim 11, wherein said 
pressure sensing means senses the pressure dif- 20 
ferential between two sensors, arranged in use at 
different locations in the airway (12), and provides a 
corresponding output to each of said apnea deter- 
mining means (76,78) for comparison with a first 
and second threshold. 25 



2. Gerat nach Anspruch 1 , wobei die erste Sensorein- 
richtung einen Drucksensor (42, 48) aufweist. 

3. Gerat nach Anspruch 2, wobei die zweite Sensor- 
einrichtung den Drucksensor (42, 48) aufweist. 

4. Gerat nach einem der vorhergehenden Anspruche, 
wobei die erste Sensoreinrichtung eine erste 
Schwellenwertstufe (76) aufweist. 

5. Gerat nach einem der vorhergehenden Anspruche, 
wobei die zweite Sensoreinrichtung eine zweite 
Schwellenwertstufe (78) aufweist. 

6. Gerat nach einem der vorhergehenden Anspruche, 
wobei die erste Sensoreinrichtung eine Blutsauer- 
stoff-MeBeinrichtung aufweist. 

7. Gerat nach Anspruch 6, wobei die MeBeinrichtung 
ein Reflexions-Oximeter (216) aufweist. 

8. Gerat nach einem der vorhergehenden Anspruche. 
wobei die erste Sensoreinrichtung eine Einrichtung 
zur Bestimmung mehrerer Atemstillstandsbedin- 
gungen aufweist. 



said first and second sensing means comprise 
means for sensing pressure within an upper 
airway (12) of said patient; 
said first sensing means (76) comprises means 10 
for determining the occurrence of a central 
apnea event if said pressure does not reach a 
first threshold within a predetermined period of 
time; and 

said second sensing means (78) determines is 
the occurrence of an obstructive apnea event if 
said pressure reaches a second threshold. 



20 



13. An apparatus as claimed in claim 11 or 12, further 
comprising one or more additional sensors 
(152,158) for sensing a central apnea event, con- 
nected to said means (76) for determining the 30 
occurrence of a central apnea event. 

PatentansprOche 

1. Gerat, umfassend 35 

a. eine erste Sensoreinrichtung (42, 48, 76) zur 
Wahrnehmung einer einen zentralen Atemstill- 
stand anzeigenden Verringerung oder VerzO- 
gerung in der Atenleistung, 40 

b. eine mit der ersten Sensoreinrichtung 
gekoppefte und auf sie ansprechende erste 
Einrichtung (98) zur Erzeugung einer Stimula- 
tion des Zwerchfells eines Patienten bei Wahr- 
nehmung eines zentralen Atemstillstands. und 45 

c. eine zweite Einrichtung (100) zur elektri- 
schen Stimulation oberer Luftwegmuskeln des 
Patienten, 

gekennzeichnet durch 

d. eine zweite Sensoreinrichtung (42, 48, 76) so 
zur Uberwachung der Durchgangigkeit des 
oberen Luftwegs zur Ermittlung eines auf 
einem VerschluB beruhenden Atemstillstands, 
wobei die zweite Stimulationseinrichtung (100) 

mit der zweiten Sensoreinrichtung (42, 48, 78) 55 
gekoppert ist, urn dann, wenn diese einen auf 
einem VerschluB beruhenden Atemstillstand 
wahrnimmt, eine elektrische Stimulation oberer 
Luftwegmuskeln zu erzeugen. 



9. Gerat nach Anspruch 8, wobei die Bestimmungs- 
einrichtung eine Kombination zweier oder mehrerer 
der Gerate aufweist: Oximeter (216), Drucksensor 
(42, 48) und Nervenelektrode (158). 

10. Gerat nach einem der vorhergehenden Anspruche, 
wobei die zweite Sensoreinrichtung so geschaftet 
ist, daB sie von der ersten Sensoreinrichtung ein 
einen wahrgenommenen zentralen Atemstillstand 
anzeigendes Signal empfangt, und wobei die 
zweite Sensoreinrichtung und die zweite Stimulati- 
onseinrichtung so ausgelegt sind, daB sie bei Auf- 
treten eines zentralen Atemstilistandsignals einen 
Stimulierimpuls erzeugen. 

1 1 . Gerat nach Anspruch 1 , wobei 

die erste und die zweite Sensoreinrichtung 
eine Einrichtung zur Druckerfassung innerhalb 
eines oberen Luftwegs (12) des Patienten 
umfassen, 

die erste Sensoreinrichtung (76) eine Einrich- 
tung aufweist, die das Auftreten eines zentra- 
len Atemstillstands ermittelt. wenn der Druck 
nicht innerhalb einer vorbestimmten Zeit- 
spanne einen ersten Schwellenwert erreicht, 
und 

die zweite Sensoreinrichtung (78) das Auftre- 
ten eines auf einem VerschluB beruhenden 
Atemstillstands ermittelt, wenn der Druck einen 
zweiten Schwellenwert erreicht. 

12. Gerat nach Anspruch 11, wobei die Drucksensor- 
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einrichtung die Druckdifferenz zwischen zwei im 
Betrieb an unterschiedlichen Stellen des Luftwegs 
(12) angeordneten Sensoren rfaBt und jeder der 
Atemstillstands-Erfassungseinrichtungen (76, 78) 
ein entsprechendes Ausgangssignai zum Vergleich 5 
mit einem ersten und einem zweiten Schwellenwert 
zufQhrt 

13. Gerat nach Anspruch 11 oder 12 mit mehreren mit 
der Einrichtung (76) zum Bestimmen des Auftre- 10 
tens eines zentralen Atemstillstands verbundenen 
zusatzlichen Sensoren (152, 158) zur Wahrneh- 
mung eines zentralen Atemstillstands. 

Revendlcatlons 15 

1 . Dispositif comprenant : 

a. des premiers moyens de detection 
(42,48,76) pour detecter une reduction ou un 20 
retard dans I'effort d'inspiration, indicate d'un 
phenomene d'apnee centrale; 

b. des premiers moyens (98) couples, de 
maniere & pouvoir repondre, auxdits premiers 
moyens de detection pour appliquer une stimu- 25 
lation au diaphragme d'un patient en reponse a 

la detection dudit phenomene d'apnee cen- 
trale; et 

c. des seconds moyens (100) pour produire 
une stimulation electrique de muscles des 30 
voies respiratoires supeneures dudit patient; 

caracteris6 par 

d. des seconds moyens de detection 
(42,48,78) pour controler l'6tat ouvert des voies 
respiratoires supeneures pour la detection d'un 35 
phenomene d'apnee obstructive; et 

en ce que lesdits moyens de production 
de stimulation (100) sont couples auxdits 
seconds moyens de detection (44,45,78) pour 
produire une stimulation electrique des mus- 40 
cles des voies respiratoires superieures dudit 
patient en reponse a la detection par lesdits 
seconds moyens de detection dud'rt pheno- 
mene d'apnee obstructive. 

45 

2. Dispositif selon la revendication 1 , dans lequel les- 
dits premiers moyens de detection comprennent un 
capteur de pression (42,48). 

3. Dispositif selon la revendication 2, dans lequel les- so 
dits seconds moyens de detection comprennent 
ledit capteur de pression (42,48). 

4. Dispositif selon Tune quelconque des revendica- 
tions prec6dentes, dans lequel lesdits premiers 55 
moyens de defection comprennent un premier cir- 
cuit a seuil (76). 

5. Dispositif selon I'une quelconque des revendica- 



tions precedentes, dans lequel lesdits seconds 
moyens de detection comprennent un second cir- 
cuit a seuil (78). 

6. Dispositif selon I'une quelconque des rev ndica- 
tions prec6dentes, dans lequel lesdits premiers 
moyens de detection comprennent des moyens 
pour mesurer I'oxygene du sang. 

7. Dispositif selon la revendication 6, dans lequel les- 
dits moyens de mesure comprennent un oxymetre 
a reflexion (216). 

8. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdits premiers 
moyens de detection comprennent des moyens 
pour determiner une plurality de conditions asso- 
ciees a I'apnee. 

9. Dispositif selon la revendication 8, dans lequel les- 
dits moyens de detection comprennent une combi- 
naison quelconque de deux ou plusieurs des unites 
formees par un oxymetre (216). le capteur de pres- 
sion (42.48) et une electrode (158) reliee a un nerf. 

10. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdits seconds 
moyens de d6tection sont connected de maniere a 
recevoir un signal provenant des premiers moyens 
de detection et indicatifs d'un phenomene detecte 
d'apnee centrale, les seconds moyens de detection 
et les seconds moyens de stimulation 6tant adaptes 
pour produire une impulsion de stimulation en 
reponse au signal d'apnee centrale. 

11. Dispositif selon la revendication 1, dans lequel les- 
dits premiers et seconds moyens de detection com- 
prennent des moyens pour detecter la pression a 
Tinterieur de voies aerienn es superieures (1 2) dudit 
patient; 

lesdits premiers moyens de detection (76) 
comprennent des moyens pour determiner ('appari- 
tion d'un phenomene d'apnee centrale si ladite 
pression n'atteint pas un premier seuil pendant un 
intervalle de temps predetermine; et 

lesdits seconds moyens de detection (78) 
determinent I'apparition d'un phenomene d'apnee 
obstructive si ladite pression atteint un second 
seuil. 

12. Dispositif selon la revendication 1 1 , dans lequel les- 
dits moyens de detection de pression detectent la 
difference de pression entre deux capteurs, dispo- 
ses en fonctionnement en des emplacements diff e- 
rents dans les voies aerienn es (12) et delivrent un 
signal de sortie correspondant a chacun desdits 
moyens de determination d'apnee (76,78) pour le 
comparer auxdits premier et second seuils. 



7 



13 



EP0505195B1 



13. Dispositif selon la revendication 11 ou 12, compr - 
nant en outre un ou plusieurs capteurs additionnels 
(152,158) pour detecter un ph6nom6ne d'apnee 
centrale, connectes auxdits moyens (76) pour 
determiner I'apparition d'un phenomena d'apnee 5 
centrale. 
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